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OBJECTIVE: This Defense University Research Instrumentation
Program provides equipment funds for research and education.
The objective of this work is to develop methodologies for
the optimization of field-deployable optical biosensors. In
particular, a carbonic anhydrase-based fiber optic metal ion
biosensor will be enhanced by the preparation and use of
enzyme variants.

APPROACH: We propose to buy a thermal cycler to facilitate
the use of the polymerase chain reaction to amplify DNA for
preparing CA variants. Furthermore, we also propose to buy a
microplate reader to speed up characterization of CA
variants, including the zinc affinity, metal ion specificity,
and stability.

ACCOMPLISHMENTS: Thermal cycler: We purchased a Perkin-
Elmer GeneAmp PCR System 2400 thermal cycler to facilitate
the preparation of libraries of CA variants and subcloning of
these variants. We prepared a large library (= 109) of CA
variants with substitutions at amino acids near the zinc
binding site. This library includes substitutions in the
direct metal ligands (H94, H96 and H119), the "indirect"
metal ligands (Q92, E117 and T199) and the hydrophobic pocket
beneath the zinc binding site (F93, F95, W97, L118 and L120).
We have previously shown that each of these elements affect
the metal binding site, including metal affinity, metal
equilibration kinetics and metal specificity. We developed
methods to use sulfonamide affinity chromatography in the
presence of various Zn/metal ratios to screen this phage
library for variants with altered metal ion specificity. We
completed multiple rounds of selection for variants with
enhanced zinc specificity.

Plate reader: We have purchased the SpectraMax Plus plate
reader from Molecular Dynamics with path check capabilities,
a monochromator and the ability to measure absorbance in a
cuvette. We have used this instrument to assay esterase
activity of CAII and the catalytic activity of other enzymes.




We are continuing to work on the development of assays to
measure metal ion spec1f1c1ty. Using our conventional
methodology for assaying variants, we have determined metal
ion affinities and catalytic activity for variants in both
the histidine ligands and the hydrophobic pocket beneath the
zinc binding site. These data indicate that it is possible
to alter the metal ion specificity of carbonic anhydrase.

CONCLUSIONS: We demonstrated that the phage display
methodology could successfully be used to identify carbonic
anhydrase variants with altered metal specificities.

SIGNIFICANCE: The development of technology to rapldly
prepare and screen CA variants for useful properties will
significantly enhance the optimization a CA-based metal ion
biosensor by increasing the number of variants that can be
examined. These methodologies should also be useful for the
screening and characterization of any large library.

PATENT INFORMATION: NONE

AWARD INFORMATION: NONE
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